Objectives: Solicited consultations constitute a substantial workload for infectious disease specialists (IDSs). The impact of physician adherence to recommendations on clinical outcomes following solicited IDS consultations has not been previously studied. The objectives of the study were to identify the factors associated with adherence and to determine whether adherence to recommendations was associated with better clinical outcomes.
Introduction
Solicited consultations constitute a substantial workload for infectious disease specialists in hospitals. 1, 2 There is growing evidence that infectious disease specialists play a major role in patient care, infection control and antibiotic management. 3, 4 Previous studies have reported that nearly 50% of solicited infectious disease consultations included recommendations for antibiotic initiation, change or discontinuation and 20% -53% included recommendations for diagnostic or monitoring tests. 1, 5 Yet, the effectiveness of infectious disease consultations depends on physicians' adherence to the recommendations. 5 Several studies have shown a clinical benefit of compliance with unsolicited infectious disease recommendations for various conditions and settings. 6 -8 In contrast, limited data exist on adherence to recommendations provided by infectious disease specialists during solicited consultations. 5 To our knowledge, few studies have investigated the factors affecting adherence to solicited infectious disease consultations and none has assessed whether patient outcomes differ according to adherence.
In this prospective study, we aimed to identify the factors associated with physicians' adherence to recommendations of solicited infectious disease consultation for adult inpatients. We also attempted to determine whether their adherence to recommendations was associated with better clinical outcomes.
Materials and methods

Study design and setting
We carried out a prospective study of solicited infectious disease consultations for adult inpatients in a 2200 bed, university-affiliated hospital in France. The consultation service was available 7 days a week, 24 h a day, through a dedicated cellular phone. A board-certified infectious disease specialist and an infectious disease resident provided coverage during working hours, and only board-certified specialists provided overnight and weekend coverage. Although telephone consultations were routinely provided to community primary care physicians, 9 we focused on infectious disease consultations for inpatients in the present study. The Institutional Review Board waived the requirement for informed consent and approved the study protocol.
Patients
We enrolled consecutive inpatients, aged 18 years, for whom an infectious disease consultation was requested between 5 December 2007 and 5 June 2008. Exclusion criteria were previous enrolment in the study, discharge within 24 h of consultation and absence of any specific recommendation following the consultation. There was no protocol for requesting an infectious disease specialist consultation, which was decided at the discretion of the attending physician.
Data collection
For each patient, data regarding the index and subsequent consultations were prospectively collected by the attending infectious disease physician using a standardized consultation form. Consultation data included date of consultation, department, requesting physician, reason for requesting the consultation, route of consultation, infectious disease diagnosis, and recommendations for antibiotic treatment and for performing diagnostic or monitoring tests. The route of consultation was categorized as formal (i.e. with the patient being examined by the infectious disease specialist) or informal (i.e. without the patient being examined by the infectious disease specialist). Recommendations for treatment were categorized as initiating, continuing, changing and discontinuing or not using antibiotic treatment.
A physician (S. G.), independent of those in charge of the patients, obtained information on patient baseline characteristics, adherence to recommendations and hospital course from a structured chart review and computerized hospital databases. Adherence to recommendations for treatment was ascertained based on evidence of compliance with recommended antibiotic agents, dosage, timing and route of administration within 48 h of consultation. Adherence to recommendations for diagnostic and monitoring tests was ascertained based on imaging or laboratory tests performed or ordered within 48 h of consultation.
Study outcomes
Our primary study outcome was early clinical improvement, defined as symptomatic recovery, resolution of abnormalities in vital signs, return to normal mental status and normalization of the white blood cell count 3 days after the index consultation. 10 -13 Resolution of abnormalities in vital signs was defined using the following cut-offs for the highest temperature (37.88C), heart rate (100 beats/min) and respiratory rate (24 breaths/min), and the lowest systolic blood pressure (90 mmHg) and oxygen saturation (90%) measured on the third day following the index consultation. Early clinical improvement was not ascertained for asymptomatic patients at baseline or those who were recommended antibiotic prophylactic treatment. The secondary outcomes were in-hospital mortality and length of stay for patients who were alive on discharge.
Statistical analysis
Descriptive statistics were presented as numbers and percentages for categorical variables or median and 25th and 75th percentiles for continuous variables. Differences in characteristics according to adherence to infectious disease recommendations were compared using the x 2 or Fisher exact tests, where appropriate, for categorical variables and the Wilcoxon rank sum test for continuous variables. In the multivariable analysis, we identified the characteristics that were independently associated with decreased odds of adherence to infectious disease recommendations using logistic regression. To avoid overfitting, we developed a parsimonious logistic regression model by entering only variables associated with adherence with a P value of ,0.20 in a univariable analysis.
We compared early clinical improvement and in-hospital mortality according to adherence to infectious disease recommendations. We performed survival analysis to compare median length of stay according to adherence to recommendations. Univariable analysis was performed to test associations between characteristics and each outcome. In multivariable analysis, we estimated the odds ratios of binary outcomes and their 95% confidence interval, and the risk ratios of discharge. Characteristics with P, 0.20 in univariable analysis were first entered into the model. Then, we developed a parsimonious model by removing independent variables from the full model using a backward approach, with a cut-off of P¼0.05.
Two-sided P values of ,0.05 were considered statistically significant. Analyses were performed using Stata statistical software (version 10.0, Stata Corp., College Station, TX, USA).
Results
An infectious disease consultation was requested for a total of 661 adult inpatients during the study period. Adherence to infectious disease recommendations could not be assessed for 40 patients, because of missing chart information (n¼ 33), absence of any specific recommendation (n¼ 6) and discharge within 24 h of consultation (n¼ 1). Our final study sample consisted of 621 patients.
The median age for all patients was 64 years (interquartile range, 51 -75); 365 (58.8%) were male, 274 (44.1%) were surgical patients and 418 (67.3%) were receiving antibiotic treatment before the infectious disease consultation was requested. The most common infections diagnosed included respiratory tract infection in 107 patients (17.2%), urogenital tract infection in 66 patients (10.6%), abdominal infection in 64 patients (10.3%) and surgical site infection in 60 patients (9.7%). Overall, 262 patients (42.2%) had hospital-acquired infection.
The reasons for requesting an infectious disease consultation were related to antibiotic therapy in 574 patients (92.4%), diagnostic management in 82 patients (13.2%), prophylactic treatment in 9 patients (1.4%) and other reasons in 5 patients (0.8%). The consultation was requested by a resident for 371 patients (59.7%), a medical student for 147 patients (23.7%) and a senior physician for 103 patients (16.6%). The infectious disease consultation was formal for 443 patients (71.3%) and informal for 178 patients (28.7%). Informal consultations included 148 telephone (23.8%), 27 face-to-face (4.3%) and 3 e-mail (0.5%) consultations. Table 2 ). In the multivariable analysis, community-acquired infection was independently associated with increased odds of adherence, as was recommendation for discontinuation or non-use of antibiotic treatment (Table 3) . Consultations requested by senior physicians or residents and recommendations for performing monitoring tests were independently associated with an increased odds of adherence (Table 3) .
Early clinical improvement was not ascertained in 64 patients who were asymptomatic at baseline, 49 patients discharged before the third day following the consultation and 2 patients with missing chart information. Adherence to recommendations for antibiotic treatment was associated with a higher rate of early clinical improvement (60.7% versus 43.9%, P ¼ 0.01), shorter median length of stay (20 days versus 23 days, P ¼ 0.03) and comparable in-hospital mortality (7.7% versus 5.5%, P ¼ 0.50). These associations were not altered after adjusting for patient and consultation characteristics (Table 4) . Clinical outcomes were not significantly different according to adherence to recommendations for performing diagnostic or monitoring tests (Table 4) . who received one consultation and those who received two or more consultations. The patients who received two or more consultations were less prone to early clinical improvement (50.5% versus 64.0%, P ¼ 0.002), had longer median length of stay (25 days versus 17 days, P,0.001) and had comparable in-hospital mortality rates (7.2% versus 7.5%, P ¼ 0.89).
Discussion
Although consultation is a core feature of infectious disease specialist practice, 3 limited data exist on how requesting physicians comply with solicited recommendations and how this affects patient outcome. In this prospective observational study of solicited consultations with an infectious disease specialist for inpatients, adherence to recommendations was as high as 88% for antimicrobial therapy and was associated with a higher prevalence of early clinical improvement and a shorter median length of stay.
Our estimates of adherence to infectious disease recommendations were consistent with those reported by previous studies for antimicrobial therapy (range, 86% -94%) 5, 14, 15 as well as for carrying out diagnostic or monitoring tests (range, 60% -70%). 5, 15 Variations in adherence to infectious disease recommendations across studies may result from differences in the study population, the type of consultation (solicited versus unsolicited) or the route of consultation (formal versus informal). We found that physician adherence to recommendations for antimicrobial therapy was increased when the advice was not to treat. In the study conducted by Pulcini et al., 14 physician adherence to infectious disease therapeutic recommendations Adherence to recommendations and outcomes 159 JAC in two intensive care units was higher when advice was to continue the same antibiotic treatment. Another study reported that requesting physicians were also less likely to comply with infectious disease recommendations for stopping an ongoing antibiotic treatment. 5 Hospital-acquired infection was the only patient characteristic independently associated with higher physician adherence to antimicrobial therapy, a finding that was at variance with the study by Fowler et al. 6 Inappropriate antibiotic treatment is common for hospital-acquired infections. 16 Since hospitalacquired infections are more likely to involve antibiotic-resistant bacteria, 17 their treatment requires good knowledge of local antibiotic-resistant patterns, which is one of the values of infectious disease specialists. 3 Clinical microbiologists may also Odds ratios were estimated using multivariable logistic regression. Odds ratios were estimated for early clinical improvement and in-hospital mortality using multivariable logistic regression analyses. Hazard ratios were estimated for hospital discharge using survival analysis.
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Early clinical improvement was not assessed for 64 patients who were asymptomatic at baseline, 49 who were discharged before the third day following consultation and 2 because of missing chart information. c Length of stay was estimated for 575 patients who were alive at discharge.
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interact with requesting physicians when ordering tests or reporting test results, although they usually have a laboratory-based practice in France and are less directly involved in patient care. Hospital-acquired infections accounted for .40% of infectious disease consultations in our study, suggesting that requesting physicians were aware of the importance of specialized advice. However, efforts should be made to enhance physician adherence to antimicrobial therapy recommendations for patients with hospital-acquired infections. In accordance with Sipahi et al., 15 the adherence rate was similar between surgical and medical patients. These findings differed from other studies 5, 18 that observed lower adherence for surgical patients.
The adherence rate was similar between formal and informal consultations, although these two consultation patterns imply different modes of communication between attending physicians and infectious disease specialists. 19, 20 In a formal consultation, the infectious disease specialist examined the patient. Recommendations were written in the patient's chart and possibly discussed verbally with the attending physician. During an informal or 'curbside' consultation, the infectious disease specialist relied on information provided by the attending physician without examining the patient. Recommendations were then conveyed verbally or e-mailed. Informal consultations comprised 29% of all the consultations tracked in our study and previous studies reported even higher proportions of informal consultations. 1, 21 However, in most Western countries, no specific mechanism exists to remunerate specialists for informal consultations. 19 As a result, informal consultations may have a substantial economic impact for infectious disease specialists in a context of increasing pressure from hospitals and third-party payers to lower costs. 3 To our knowledge, our study is the first to show a relationship between physicians' adherence to recommendations for antimicrobial therapy and patient outcomes, in the context of solicited infectious disease consultations. Compliance with recommended treatment was significantly associated with more frequent early clinical improvement and a shorter length of stay, but did not affect in-hospital mortality. This latter finding was not surprising, because many factors, including illness severity, co-morbid conditions and concurrent processes of care, may affect mortality. Our findings are in accordance with a previous study showing that adherence to unsolicited recommendations resulted in better outcomes for patients with Staphylococcus aureus bacteremia. 6 Moreover, several investigators showed that primary or consultative care provided by infectious disease specialists optimized patient outcomes in the treatment of osteomyelitis 22 or HIV infection. 23 Repetitive consultations were requested for more than one-third of patients in our study and were not associated with lower adherence. However, these patients had a longer median length of stay and were less prone to early clinical improvement. These findings may suggest that more severely ill patients failed to respond to appropriate antibiotic therapy and had worse outcomes. It is also likely that subsequent consultations were prompted by intercurrent infectious diseases in patients with a longer length of stay. Also, we cannot exclude that the initial recommendation was poor, resulting in the need for further infectious disease consultation.
Our findings that requesting physicians did not comply with 1 out of 10 recommendations involving medications and 1 out of 4 recommendations involving diagnostic tests are consistent with previous reports. 5, 24 Although speculative, the main reason for low adherence to recommendations in our study was likely to be suboptimal communication between requesting and consulting physicians. 25, 26 Interestingly, evidence exists that the expectations of requesting physicians vary by specialty, suggesting that consultants should adopt a flexible relationship strategy in the consultation process. 27 Inadequate details in recommendations, lack of time, conflicting priorities and differences in opinions have also been reported as potential barriers to compliance with the consultant's recommendations. 5, 24, 27 Recent studies suggest that electronic facilitation of recommendations through the use of computerized provider order entry may help overcome some of the barriers to effective consultation. 28 The reasons why adherence was lower for recommendations involving diagnostic or monitoring tests than for recommendations involving medications remain unclear. This observation may result from the fact that most recommendations involving diagnostic or monitoring tests were unsolicited. Moreover, Lo et al. 5 reported that such recommendations were not crucial. This may explain the absence of a significant relationship between patient outcomes and adherence to recommendations involving diagnostic or monitoring tests, although we cannot exclude that our study was underpowered for this specific analysis.
As shown in our study, it is common for medical students to ask for infectious disease specialist advice on the request of the resident or the physician in charge of the patient. 29 Lastly, the decision of whether or not to adhere to the recommendations is made by the resident or the physician in charge of the patient, since students are not allowed to prescribe medications or diagnostic tests.
The limitations of our study deserve mention. First, clinical improvement was assessed 3 days after the index consultation for all patients. Although this time frame was determined based on previous studies, 13, 30 it might not be relevant for all types of infection. Second, we cannot exclude subjectivity in the assessment of early clinical improvement, although we used standardized criteria. In fact, early clinical improvement was paralleled by shorter length of stay, a study outcome that was unlikely to be affected by assessment bias. Third, the associations between adherence to recommendations and patient outcomes might be explained by differences in patient baseline characteristics. Although we performed multivariable analysis that adjusted for patient, consultation and requesting physician characteristics, we cannot exclude that unmeasured confounding factors played a role in our findings. Fourth, physicians were not asked for the reason for not adhering to infectious disease recommendations. Fifth, our study was conducted in a single university hospital in France and the results may not apply to patients managed in other settings with different referral patterns.
In conclusion, adherence to therapeutic recommendations during solicited consultations with an infectious disease specialist was high but not maximal. The factors associated with nonadherence must be anticipated by infectious disease specialists during the consultations, because non-adherence leads to worse clinical outcomes. Further studies are needed to identify the interventions that could improve physician adherence to the infectious disease specialist's recommendations made during solicited consultations.
